Todays key information on the shape of the unitarity triangle is obtained from the well-measured quantity ε K characterizing the CP-violation in |∆S| = 2 transitions. The phenomenological analysis requires the input of four key quantities: The magnitudes of the CKM elements V cb and V ub , the top quark mass and the non-perturbative parameter B K . In the recent years all of them have been determined with increasing precision. In order to keep up with this progress the |∆S| = 2-hamiltonian had to be obtained in the next-to-leading order (NLO) of renormalization group improved perturbation theory. I present the NLO results for the QCD coefficients η 1 and η 3 , which have been calculated by Stefan Herrlich and myself, and briefly sketch some aspects of the calculation. Then I give an update of the unitarity triangle using the summer 1996 data for the input parameters. The results for the improved Wolfenstein parameters ρ and η and the CKM phase δ are
1 Motivation ε K characterizes the CP-violation in the mixing of the neutral Kaon states K 0 and K 0 . This indirect CP-violation has been discovered in 1964 by Christenson, Cronin, Fitch and Turlay [1] . In the subsequent three decades refined experiments have reduced the error in ε K below 1% [2, 3] , but yet no other CP-violating quantity has been unambiguously determined. In the Standard Model the only source of CP-violation is a complex phase δ in the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Hence today the measured value of ε K plays the pivotal rôle in the determination of δ. In the near future B-physics experiments will reveal whether the single parameter δ can simultaneously fit CP-violating observables in both the B-and the K-system and will eventually open the door to new physics.
The lowest order contribution to the |∆S| = 2-amplitude inducing K 0 −K 0 -mixing is depicted in Fig. 1 . In order to calculate the Standard Model prediction for ε K one must first separate the short distance physics from long distance effects in the |∆S| = 2 transition amplitude. After successively integrating out the heavy degrees of freedom m t , M W and m c one ends up with an effective low-energy |∆S| = 2-hamiltonian:
Here G F is the Fermi constant, M W is the W boson mass, λ j = V jd V * js comprises the CKMfactors and Q S2 is the local |∆S| = 2 four-quark operator
with j and k being colour indices.
are running quark masses in the MS scheme. The Inami-Lim functions S(x) and S(x, y) contain the quark mass dependence of the box diagram in Fig. 1 .
The short distance QCD corrections are comprised in the coefficients η 1 , η 2 and η 3 with a common factor b(µ) split off. They are functions of the charm and top quark masses and of the QCD scale parameter Λ QCD . Further they depend on the definition of the quark masses used in the Inami-Lim functions: In (1) the η i 's are defined with respect to MS masses m ⋆ q and are therefore marked with a star. In the absence of strong interaction one has η i b(µ) = 1.
|ε K | is proportional to the imaginary part of the hadronic matrix element K 0 | H |∆S|=2 | K 0 . It thereby involves the hadronic matrix element of Q S2 in (2) , which is conveniently parametrized as
Here m K and f K are mass and decay constant of the neutral K meson and µ is the renormalization scale at which the short distance calculation of (1) is matched with the non-perturbative evaluation of (3). B K in (3) is defined in a renormalization group (RG) invariant way, because the µ-dependent terms from (3) and (1) 
Now the CKM matrix depends on four independent parameters. The convenient Wolfenstein parametrization expands all CKM elements in terms of the well-known quantity λ ≃ 0.22 ≃ |V us | to order λ 3 . The proper study of CP violation, however, requires a higher accuracy [4] [5] [6] .
The improved Wolfenstein approximation adopted in [5, 6] yields
From b → c decays one extracts |V cb | and thereby A. The information encoded in the remaining two parameters (ρ, η) is traditionally depicted as a unitarity triangle in the complex plane. Two of its corners are located at (0, 0) and (1, 0), while the exact location (ρ, η) of its top corner is defined by
ρ and η are related to ρ and η by [5, 6] 
Inserting the improved Wolfenstein approximation into the expression for |ε K | yields
In the absence of the small term 
The intersection points of circle and hyperbola are the allowed values for (ρ, η) (see Fig. 2 ).
The standard phenomenological analysis of ε K involves four key input parameters: The hyperbola (5) is entered by B K , m t and (via A) |V cb | and the circle involves |V ub /V cb |. In the past few years significant progress has been made in the determination of these quantities:
• |V cb |: Both exclusive and inclusive b → cℓν ℓ decays have been precisely measured by CLEO and ALEPH. The theoretical extraction of |V cb | from the decay rates has been refined by the development of heavy quark effective theory and today we know |V cb | to 8 % accuracy.
• |V ub /V cb |: In addition to inclusive measurements of b → uℓν ℓ decays now also the exclusive decays B → ρℓν ℓ and B → πℓν ℓ have been measured by CLEO.
• B K : The lattice results have steadily improved as reported by G. Kilcup at this workshop.
• m t : Most importantly the top quark has been discovered at FERMILAB. In the time before the top discovery the unknown value of m t was the largest source of uncertainty in the phenomenology of ε K . Now in the top era the experimental error in m t affects the determination of the unitarity triangle less than those in the other three input parameters.
Clearly the accuracy of the QCD coefficients η 1 , η 2 and η 3 of H |∆S|=2 entering the hyperbola 
If one takes the difference between (9) Fig. 1 to a point and dressing the diagram with gluons. Here the proper renormalization of such Green's functions with two operator insertions had to be worked out [10] . This has required the correct renormalization of so called evanescent operators, which appear in the context of dimensional regularization [11] . Such operators induce a new type of scheme dependence into the calculation, which of course cancels in physical observables [10, 11] .
3 1996 phenomenology of ε K and the K L −K S -mass difference The first phenomenological analysis of ε K with NLO precision has been presented in [6] . In [6] ρ and η defined in (4), the CKM phase δ and other quantities related to the CKM matrix are tabulated as a function of B K , m t , |V cb | and |V ub /V cb |. Here I will update the unitarity triangle with the actual values of these key input parameters.
The existence of a solution for (ρ, η) requires that the hyperbola in (5) touches the circle defined in (7) as shown in Fig. 2 . This feature yields lower bounds on each of the four input parameters as a function of the other three ones. In Fig. 3 this condition is displayed as a constraint on the CKM elements. The present status of the unitarity triangle is shown in Fig. 4 . The input parameters are taken as [12] |V cb | = 0.0392 ± 0.0028, V ub V cb = 0.08 ± 0.02, m ⋆ t = (167 ± 6) GeV, B K = 0.8 ± 0.1. (10) Here |V cb | is extracted from an analysis of exclusive semileptonic B-decays. The quoted value for m ⋆ t corresponds to m pole t = (175 ± 6) GeV. The range for B K includes the ballpark of the lattice results presented in [12, 13] and the result of the 1/N c expansion in [14] .
Next we include the experimental information from B 0 −B 0 -mixing into our analysis: The ALEPH results [12] ∆m B d = (0.464 ± 0.018) ps −1 = (305 ± 12) µeV, ∆m Bs > 9.2 ps −1 ,
exclude a part of the region allowed by ε K . The measured value of ∆m B d constrains the distance of (ρ, η) to the point (1, 0):
In Fig. 4 we have used [12, 15] F B d = (175 ± 30)MeV, B B d = 1.31 (13) and the central value for ∆m B d in (11) . The variation of 30 MeV in F B d accounts for the actual error of 25 MeV and the smaller errors in B B d and ∆m B d reported in [12] . The whole shaded area in Fig. 4 shows the region which is allowed from the analysis of ε K alone. The analysis of ε K is not particularly sensitive to the treatment of the errors in (10) . In Fig. 4 they have been treated statistically: Setting (x 1 , x 2 , x 3 , x 4 ) = (|V cb |, |V ub /V cb |, m ⋆ t , B K ) and denoting their central values by x i and their errors by ∆x i the x i 's have been restricted to the 1σ-ellipsoid
The error in the analysis of ∆m B d is theoretical and therefore treated non-statistically: For each point (ρ, η) it has been checked whether it corresponds to a value of F B d in the range given in (13) . Finally the bound for ∆m Bs also excludes a part of the light gray area, but it does not further constrain the dark region allowed from both ε K and ∆m B d , if one uses F Bs /F B d = 1.25 ± 0.10, which one expects from an unquenched lattice calculation [12] .
Yet future tighter bounds on ∆m Bs will give extra information on the unitarity triangle [16] . 
The coefficient η 1 is known less accurately than η 2 and η 3 due to the sizeable scale uncertainty in (8) and its strong dependence on α s . Fortunately the term involving η 1 in (5) is of minor importance for the analysis of ε K . In contrast the short distance part of the K L −K S -mass difference, which is obtained from the real part of K 0 | H |∆S|=2 | K 0 , is dominated by η 1 and therefore plagued by theoretical uncertainties. With B K in (10) and α s (M Z ) = 0.118 ± 0.004 the ratio of the short distance part of ∆m K and its experimental result [3, 17] reads
At least this reveals a short distance dominance of ∆m K in accordance with the expectations from power counting [6, 9] .
